Mutations in the Cu/Zn Superoxide Dismutase (SOD1) gene cause an inherited form of ALS with upper and lower motor neuron loss. The mechanism underlying mutant SOD1-mediated motor neuron degeneration remains unclear. While defects in mitochondrial dynamics contribute to neurodegeneration, including ALS, previous reports remain conflicted. Here, we report an improved technique to isolate, transfect, and culture rat spinal cord motor neurons. Using this improved system, we demonstrate that mutant SOD1
G93A triggers a significant decrease in mitochondrial length and an accumulation of round fragmented mitochondria. The increase of fragmented mitochondria coincides with an arrest in both anterograde and retrograde axonal transport and increased cell death. In addition, mutant SOD1 G93A induces a reduction in neurite length and branching that is accompanied with an abnormal accumulation of round mitochondria in growth cones. Furthermore, restoration of the mitochondrial fission and fusion balance by dominant-negative dynamin-related protein 1 (DRP1) expression rescues the mutant SOD1
G93A
-induced defects in mitochondrial morphology, dynamics, and cell viability. Interestingly, both SIRT3 and PGC-1α protect against mitochondrial fragmentation and neuronal cell death by mutant SOD1
. This data suggests that impairment in mitochondrial dynamics participates in ALS and restoring this defect might provide protection against mutant SOD1 G93A -induced neuronal injury.
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Introduction
Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease characterized by degeneration of upper and lower motor neurons (Boillee et al., 2006; Bruijn et al., 2004; Gurney et al., 1994; Wood-Allum and Shaw, 2010) . The vast majority of ALS cases are sporadic, whereas only approximately 10% have a familial mode of inheritance (Rosen, 1993) . Previous work has focused on mutations in the SOD1 gene, which encodes Cu/Zn superoxide dismutase. This highly expressed and predominantly cytoplasmic enzyme catalyzes the conversion of superoxide to hydrogen peroxide and oxygen. However, mutant SOD1 causes motor neuron death through a toxic gainof-function mechanism as opposed to a simple loss-of-function in superoxide scavenging activity (Boillee et al., 2006; Bruijn et al., 2004; Knott and Bossy-Wetzel, 2007; Magrane et al., 2009) .
While the mechanisms of mutant SOD1-mediated motor neuron death remain unclear, multiple observations indicate that mitochondrial dysfunction plays a key role. First, abnormal mitochondrial morphology and ultrastructure with cristae vacuolization have been observed in mutant SOD1 mice (Kong and Xu, 1998; Wong et al., 1995) and ALS patient samples (Sasaki and Iwata, 1996) . In addition, mutant SOD1 binds preferentially to mitochondria, impairs respiration, decreases the Ca 2+ buffering capacity, blocks protein import, and induces apoptosis through Bcl-2 inhibition (Damiano et al., 2006; Israelson et al., 2010; Mattiazzi et al., 2002; Pedrini et al., 2010) . Furthermore, substantial evidence points to a role for secondary glutamate-mediated excitotoxicity (Boillee et al., 2006; Shaw and Ince, 1997 ). An important attribute of mitochondria is their ability to divide and fuse and be transported across long motor neuron axons. These processes, collectively known as mitochondrial dynamics, are critical for neuronal energy production, synaptic function, and cell survival. Proper transport and positioning of mitochondria at synapses of the neuromuscular junction are believed to play an important role in motor neuron function (Dadon-Nachum et al., 2011) . Impaired mitochondrial dynamics has been proposed to trigger axonal degeneration and is consistent with the 
